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65-kD hsp was eluted with a linear gradient of 0 to 0.3M NaCl. For trypsin digestion, the 65-kD hsp was treated with 8M urea, and after dialyzing against 0.1M ammonium bicarbonate, up to 100 mg of protein was cleaved overnight at room temperature with 25 U of immobilized trypsin [N-tosyl-L-phenylalanine chloromethyl ketone-treated, attached to beaded agarose, (Sigma) ]. Ovalbumin was denaturated and trypsinized as described (18) . 24 . This work was supported by the following grants to S.H.E.K.: United Nations Development Pro- T HE DIHYDROPYRIDINE (DHP)-SENsitive Ca2+ channel seems to play an important role in excitation-contraction coupling, and when purified from rabbit skeletal muscle, it contains three main subunits with molecular masses of 165,000 (a,), 55,000 (13) , and 32,000 daltons (-y) (1) (2) (3) (4) (5) (6) (7) (8) (9) . Both the a1 and the 13 subunits are substrates for protein kinases in vitro, and phosphorylation of these subunits may serve to regulate the in vivo function of the Ca2+ channel (1) (2) (3) (4) (5) . A disulfide-linked dimer of 130,000-(a2) and 28,000-dalton (8) polypeptides has been observed in preparations of the channel either in variable (6) or constant (7) amounts with respect to the other subunits. The subunits have been re-P. Ruth constituted and form functional Ca2+ channels that are modulated by phosphorylation (10) and by monospecific antibodies for the al, 1, and y subunits (11) . The a, polypeptide is the principal transmembrane subunit ofthe channel and forms the ion-conducting pore (12) . This polypeptide binds DHPs, phenylalkylamines, and benzothiazepines (1, 2, 6-9) and is readily phosphorylated in vitro at Ser587 by adenosine 3',5'-monophosphate (cAMP)-dependent protein kinase (4). Microinjection of an expression plasmid carrying the al-subunit cDNA restores a DHP-sensitive Ca2+ current and excitation-contraction coupling in dysgenic muscle (13) . It is not known whether these functions require the presence of the other channel subunits. The a2 polypeptide has been cloned (14) and is present in dysgenic muscle cells (15) , which may also contain the 1 and y subunits.
We now report the primary structure of the 1 subunit from rabbit skeletal muscle as deduced from cloned cDNA and the tissue distribution ofthe corresponding mRNA. A total of eight peptides, six of which were unique, were isolated from two separate proteolytic digests of the isolated 1 subunit (16) . In one case the purified channel containing the ,B subunit was phosphorylated by (Fig. 1A) .
The 1835-nt cDNA sequence obtained contains an open reading frame encoding a sequence of 524 amino acids (Fig. 1B) . The calculated molecular mass of 57,868 daltons is similar to that estimated by SDS-polyacrylamide gel electrophoresis (55 kD). The cDNA contains all sequenced peptides. The NH2-terminus of the isolated C subunit was blocked and could not be sequenced. We selected the first methionine (amino acid 1) rather than the second methionine (amino acid 7) as the translation initiation site be-cause it is the first in frame ATG triplet that appears downstream ofthe stop codon TGA (nucleotides -51 to -49) and because the nucleotide sequence surrounding this initiation codon agrees with the consensus sequence for eukaryotic initiation codons, except for the nucleotide at position -3 where a T substitutes for a purine. This substitution is frequently linked with a nonfunctional upstream ATG codon (17) , and such a codon is found at nucleotides -57 to -55.
An analysis of the amino acid sequence of the ,B subunit for local hydropathicity ( brane-spanning region (segments of at least 19 residues with an average hydropathicity index of greater than 1.6) (18). Additionally, the NH2-terminal sequence does not resemble a hydrophobic signal sequence. The protein appears to be hydrophilic, although it contains hydrophobic regions. These properties are consistent with biochemical data suggesting that the 13 subunit does not interact with the cell membrane but is tightly associated with an intracellular domain of the a1 subunit (2) . As judged by the probabilistic method of Garnier et al. (19) (Fig. 1B) . Analysis of the trypsin cleavage sites in the pri-SCIENCE, VOL. 245
on April 30, 2008 www.sciencemag.org mary structure identifies two potential tryptic peptides (amino acids 181 to 185 and 203 to 240) that contain phosphorylation sites for both kinases (Fig. iB) . Protein kinase C increases the number of Ca2+ channels in skeletal muscle and fibroblasts (27) . There is also evidence that cGMPdependent protein kinase alters Ca2+ channel function in specific neurons of Helix aspersa and cardiac muscle (28) . The cGMPdependent protein kinase phosphorylates at least one site in the 1 subunit that is not phosphorylated by protein kinase C (3).
The ,B-subunit sequence Arg-X-Ser179-Arg is a potential phosphorylation site for cGMPdependent protein kinase (25) . The presence ofat least two regions that are rich in proline (P), glutamine (E), serine (S), and threonine (T) (amino acids 67 to 77 and 204 to 239) within the primary structure may explain the sensitivity of the 1 subunit to proteases (1-3). These PEST regions are common to rapidly degraded proteins (29) and are often targets of casein kinase II.
Ser"', being followed by Asp-Ser-Asp, represents a potential casein kinase II phosphorylation site (25) . Casein kinase II phosphorylates the 13 subunit apparently at two sites in vitro (3), and it has been proposed that these might be constitutive phosphorylation sites of the channel complex.
The tissue distribution of the mRNA for the 13 subunit was analyzed by RNA blots of polyadenylated [poly(A)+] RNA from several rabbit tissues (30) (Fig. 2) . Various cDNA fragments derived from both the noncoding and the coding sequence ofthe 13 subunit were used as probes. The probes Fig. 2 . RNA blot analysis of rabbit RNA with ,B-subunit cDNA probes. Samples of poly(A)+ RNA (20 ,ug) from skeletal muscle (SM) and brain (B) were denatured with 1M glyoxal and 50% dimethyl sulfoxide, subjected to electrophoresis in a 1.5% agarose gel, and transferred to Biodyne membranes. The hybridization probe was the Sac I (nucleotide 695)-Pfl MI (nucleotide 1608) fragment labeled by random priming. Identical results were obtained when the Pst I (nucleotide 515)-Ava II (nucleotide 841) and Stv I (nucleotides 56 and 389) fragments were used as probes (22) .
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derived from the coding sequence hybridized to two poly(A)+ RNA species of skeletal muscle with estimated sizes of 1900 and 1600 nt. The size of the large species is consistent with the size ofthe cloned cDNA (1835 nt). In addition, a cDNA fragment consisting of most of the 5' noncoding sequence hybridized to the large species only. The less abundant and smaller mRNA may differ in the 5' untranslated sequence as a result of altemative mRNA processing. In poly(A)+ RNA from brain, a probe derived from the coding sequence hybridized to a species of 3000 nt. The intensity of this signal was similar to that of the 1900-nt species in skeletal muscle. No 13 subunitspecific hybridization was observed with poly(A)+ RNA from smooth muscle or heart. Thus homologous, but not identical, 1-subunit mRNAs appear to exist in different tissues. The lack ofhybridization signals from heart and smooth muscle may be due either to the lower concentration of 13-subunit mRNA in these tissues or to the presence of 13 subunits with considerably different nucleotide sequences. A similar tissue-specific expression was found with the mRNA encoding the a1 subunit, whereas the a2-subunit mRNA was detected in all tissues examined (14) .
The primary structure of the 13 subunit lacks significant homology with any protein in the Swiss protein and the GenBank nucleotide sequence databases. Polypeptides of similar size as the 13 subunit appear to be associated with other voltage-activated ion channels, such as the Na+ channel (2) and various K+ channels (31) . However, the primary structures of these proteins have not yet been determined.
Since the classification of (-adrenergic The genes encoding the a,-, a2-, 1PI-, and 132-AR have been isolated (1) (2) (3) (4) . They belong to a family of homologous genes that encode integral membrane receptors (5, 6), which presumably have seven membranespanning domains and which are coupled to regulatory G proteins. Several of the genes in this family have been characterized, and probes derived from these genes have been used to identify additional receptor subtypes (7, 8) .
Additional subtypes of 1-AR have been suggested to mediate the sympathetic control of various metabolic processes in the digestive tract (9, 10), adipose tissue (11) (12) (13) , and skeletal muscle (14, 15) . Evidence for the existence of such atypical 13-AR sites includes their low affinity for standard 1-AR blockers. Recently, 1-AR agonists have been synthesized (16) that are potent stimulators of metabolic rate, adipose tissue thermogenesis, ileum relaxation, and soleus muscle glycogen synthesis (10, 11, (14) (15) (16) (Fig. 1) is 50.7 and 45.5% identical to that of the human 13-and 12-AR, respectively (the 13I-AR and 12-AR are 48.9% identical).
The protein shares the structural characteristics of receptors of the G protein-linked family. It has seven clusters of 21 to 27 mostly hydrophobic amino acids, presumed to constitute a-helical membrane-spanning domains. These hydrophobic segments form the catecholamine binding site of the 1-AR (20) and are highly conserved between the predicted protein and the two 1-ARs. In particular, Asp79 and Asp"3 of the 132-AR, which possibly act as counterions for the positively charged amine of adrenergic ligands, are present at analogous positions in the three proteins. Similarly, other functionally important residues (20) , such as Cys106, Cys'84, Asn318, and Pro323 of the 12-AR sequence, are conserved. As with other G protein-linked receptors, the predicted protein has potential Asn-linked glycosylation sites in the NH2-terminal region and has Ser and Thr residues in its third cytoplasmic loop and COOH-terminal region that could be substrates for protein kinases, which may mediate receptor desensitization.
To characterize the product of the cloned gene, we introduced it into Chinese hamster ovary (CHO) cells (21 (Fig. 2A) 
